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The present paper has as main objective the study of heavy metals from a Romanian industrial contaminated 
site. The soil samples were subjected to chemical analysis in order to determine concentrations of nutrients and metals 
as: Pb, Zn and Cd depending on the sampling depth. As a result the metals tend to migrate in depth and they revealed an 
exceeding of the intervention limits used for sensitive soils to 28, 8 and 90 times for Cd, Zn, and respectively Pb. Also 
the amount of K and P decreased with increasing sampling depth. As a result of data obtained it was concluded that the 
need of a method for site remediation is essential if it is wanted to use this type of soil in agriculture. 
 





As a result of heavy metals processing 
industrial waste such as slag are resulting, which 
pollute the soil, sludge and wastewater, damaging 
the areas where they are stored. Such environmental 
pollution with toxic metals occurs due to human 
activities, largely industrial [1, 2]. Heavy metal 
contamination of the soil is a worldwide problem 
that affects a large number of sites. Metal 
accumulation in soil has consequences on the 
quality of soil, food and human health [3]. Due to 
metal toxicity, negative effects can appear both on 
the micro-organisms in the soil and on plants, 
threatening agricultural production [4]. Increased 
concentrations of heavy metals in soils with an 
acidic pH, are likely to enhance the absorption of 
metals by plants presenting a high risk to human 
health. In addition, with the reduction of the 
capacity of soil to retain contaminants, groundwater 
pollution becomes evident. 
 
* Corresponding author.  
Tel.: 0040745/052811; Fax: 0040264/415054 
e-mail:babut.simona@yahoo.com, Cosmina.Babut@imadd.utcluj.ro 
 
This is a problem if the water is a major 
source of drinking water [5]. From various literature 
sources it shows that unlike organic pollutants, 
heavy metals cannot be degraded or mineralized [4, 
6], and must be removed by physical, chemical or 
biological ways [7].  
The aim of the present study is evaluating the 
concentrations of heavy metals like cadmium, zinc 
and lead from the soil where the slag warehouse of 
former copper plant "SC Ampelum Zlatna" was 
located. After a clear determination of the amount of 
metals up to sampling depth of 60 cm, it was 
established what conditions must be fulfilled for 
reusing the soil in agriculture. 
 
2. Material and Method 
 
Soil sampling was realized according to 
STAS 7184/1-75, in the area of the former slag 
warehouse of the copper plant in Zlatna city, Alba 
(fig. 1). Samplings were conducted from a single 
point in four depths: 0 - 15 cm, 15 - 30 cm, 30 - 45 
cm and 45 - 60 cm [8]. 
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Figure 1. The location of the former slag warehouse of the copper plant from Zlatna [9] 
 
 
Determination of total metal content in soil 
samples was performed by digestion of samples in 
aqua regia, in the chemistry laboratories of the 
Department of Agricultural Sciences, University of 
Bologna and at the Research Institute for Analytical 
Instrumentation, ICIA Cluj - Napoca. 0.25g of dry 
and milled soil were weighed into teflon special 
recipients.  
The total content of metals in the soil was 
determined by digestion in a microwave owen 
(Millestone) with 6 mL HCl and 2 mL HNO3.  
The teflon recipients were placed in the 
Milestone 1200 device, for 2 hours, and then the 
samples were brought at volume with Milli-Q water, 
filtered with Watman No. 42 filters and analyzed 
with an Inductive Coupled Plasma - Optical 
Emission Spectroscopy (ICP-OES). 
pH measurement was performed using a pH 
meter (pH MEGA AGRAR 2000) in the laboratory 
of Processes and Equipments for Soil Remediation 
from Technical University of Cluj - Napoca, 
according to STAS 7184/13-88 [10] 
 
 
3. Results and Discussions 
 
 The fertility is a important feature of soils 
that distinguishes them radically from the rock and 
which ensure the necessary conditions for the 
growth and development of plants [11]. 
3.1.The nutrients concentration in soil 
samples. The soil has many chemical nutritive 
elements necessary to develop vegetation and crops 
formation [12]. Potassium (K) belongs to the 
category of soil macronutrients with an important 
role in photosynthesis because it stimulates the 
absorption of CO2. Also has a major role in the 
synthesis, accumulation and the carbohydrates 
deposition. Along with potassium, phosphorus (P) is 
the macronutrient which helps plant growth and 
crop quality [13]. 
As shown in fig. 2, K and P concentrations in 
soil samples, decrease with sampling depth and soil 
acidification, the pH value is below 6 on the last 
interval. At the same time the amount of potassium 
is more than 4 g/kg in the first 15 cm of soil, while 
phosphorus values are below 1 g/kg on all depths. 
Calcium is a constituent of cell membranes that 
have a role in the structure and permeability of 
them. This macroelement has two functions, 
namely: nutrient for plants and amendment for 
acidic soils [13]. Magnesium (Mg) has an important 
role in photosynthesis, nitrogen metabolism and 
protein synthesis [13]. Sulfur (S) is an essential 
constituent of some amino-acids and vegetable 
protein [13]. 
 
























































Fig. 3, shows three macronutrients (Ca, Mg 
and S) present in the soil. Calcium and magnesium 
concentrations have a similar tendency, namely the 
decrease in depth, instead the value of sulfur 
increases with decreasing sampling depth. 
Sulfur is found in soil as both organic and 
mineral forms. Organic sulfur is found mostly in 
upper horizons, its content increases with the 
amount of humus that is found in soil. Mineral 
sulfur can be found either in the form of sulfates and 
sulfides, either as ion SO42- adsorbed by soil colloids 
(especially hydrated oxides of iron and aluminum) 
or soluble form as dissociated ion SO42- in soil 
solution [14]. 
 
One reason why sulfur is found in an 
increased amount in depth would be the fact that the 
materials pertaining to a industrial warehouse of the 
former copper plant in the town of Zlatna has as 
basis rocks: Galena (PbS), Spharelite (ZnFe)S, 
Bornite (Cu5FeS4), Pyrite (FeS2) and Chalcopyrite 
(CuFeS2). 
In fig. 4 are presented the values of useful 
elements in plant growth, namely, Al, Na and Si in 
soil samples.  
Aluminum values are high compared with 
those of sodium and silicon, but all three elements 
have the same tendency to decrease with increasing 





















































Figure 3. Ca, Mg and S concentrations in soil samples 
 
  






















































3.2.The heavy metals concentration in soil 
samples. High concentrations of Cd in soil result in 
contamination of the plants grown in that area. 
Cadmium is seen as one of the most toxic metals in 
the environment [15]. Fig. 5 shows that the 
concentrations of cadmium for soil sampled are 
inversely proportional to pH, according to the 
analyzes carried out.  
Making a comparison with the intervention 
values (5 mg/kg) set in accordance with the Order 
756/1997, for sensitive soils, Cd shows exceedings 
on the surface sampling depth (0 - 15 cm) of 
approximately 17 times, reaching a threshold 
exceeded 28 times on the last sampling depth (30 - 
45 cm) [16] 
 The zinc mobility in the soil depends on the 
solubility forms in which it occurs, as well as 
properties such as cationic exchange capacity, pH, 
redox potential and the chemical species present in 
soil [17]. 
The zinc concentration in the soil on the 
former slag warehouse of the Zlatna plant has values 
exceeding both the intervention values as well as the 
normal values of the metal existence in the soil (100 
mg/kg). Being influenced by the slightly acidic pH 
and sampling depth it can be said that the zinc 
tendency is to increase in depth (fig. 6.).  
In fig. 7, lead concentration values are given 
on 4 sampling levels. Note that for levels 2 and 3 
(15 - 30 cm and 30 - 45 cm), Pb has about the same 
concentration, which exceeds the intervention 
threshold. On the last sampling depth, lead 
concentration is found over the intervention value 
about 90 times. 
Lead in soil occurs related to organic 
materials and colloids. Raising soil pH may 
decrease the absorption of lead. Plants are able to 
accumulate significant quantities of lead (300 - 400 
mg/kg) in terms of pollution without visible 





































Figure 5. Cd concentrations in soil samples 
 
  















































































 The amount of soil nutrients of the former 
industrial warehouse decreases with depth, except 
sulfur, reaching the value of 4 g/kg in the surface 
layer to 7 g/kg on the last level of sampling (60 cm). 
 Following the analysis carried out on the 
industrial contaminated site resulting excessive 
pollution with Cd, Zn and Pb, which exceeds the 
intervention values of the metals existence in the 
soil about 28, 8 and  respectivly 90 times. 
 For agricultural use of soil that belongs to 
the former industrial warehouse of Zlatna plant a 
technological method that does not negatively affect 
the soil is needed, but rather to try extracting heavy 
metals retaining as much of its original soil scpecific 
characteristics. 
 Taking into account the fact that at the 
present time in that area the vegetation is increased, 
and at a distance of a few hundred metres from the 
contaminated site are households, urgent measures 
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